
Clinical science

A multidisciplinary lifestyle program for rheumatoid
arthritis: the ‘Plants for Joints’ randomized controlled trial
Wendy Walrabenstein 1,2,3,4,*, Carlijn A. Wagenaar1,2,3, Marike van der Leeden1,3,5,6,

Franktien Turkstra1,3, Jos W. R. Twisk7, Maarten Boers7, Henriët van Middendorp8,
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Abstract
Objective: To determine the effect of a multidisciplinary lifestyle program in patients with RA with low–moderate disease activity.

Methods: In the ‘Plants for Joints’ (PFJ) parallel-arm, assessor-blind randomized controlled trial, patients with RA and 28-joint DAS (DAS28) �2.6
and �5.1 were randomized to the PFJ or control group. The PFJ group followed a 16-week lifestyle program based on a whole-food plant-based
diet, physical activity and stress management. The control group received usual care. Medication was kept stable 3 months before and during
the trial whenever possible. We hypothesized that PFJ would lower disease activity (DAS28). Secondary outcomes included anthropometric,
metabolic and patient-reported measures. An intention-to-treat analysis with a linear mixed model adjusted for baseline values was used to ana-
lyse between-group differences.

Results: Of the 83 people randomized, 77 completed the study. Participants were 92% female with mean (S.D.) age of 55 (12) years, BMI of 26
(4) kg/m2 and mean DAS28 of 3.8 (0.7). After 16weeks the PFJ group had a mean 0.9-point greater improvement of DAS28 vs the control group
(95% CI 0.4, 1.3; P<0.0001). The PFJ intervention led to greater decreases in body weight (difference –3.9 kg), fat mass (–2.8 kg), waist circum-
ference (–3 cm), HbA1c (–1.3mmol/mol) and low-density lipoprotein (–0.32mmol/l), whereas patient-reported outcome measures, blood pres-
sure, glucose and other lipids did not change.

Conclusion: The 16-week PFJ multidisciplinary lifestyle program substantially decreased disease activity and improved metabolic status in peo-
ple with RA with low–moderate disease activity.

Trial Registration: International Clinical Trials Registry Platform; https://www.who.int/clinical-trials-registry-platform; NL7800.
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Introduction

RA is a chronic systemic inflammatory disease, which mani-
fests primarily as polyarthritis [1]. Modern treatment is centred
around drug therapy and aims to induce remission or low dis-
ease activity [2, 3]. However, the goal of sustained remission is

achieved in only 20% of cases [4], and many patients still suf-
fer from pain, fatigue and loss of function [5–7].

Although the precise aetiology of RA remains unclear, its
onset and progression have been linked to various environ-
mental or lifestyle factors, such as smoking, unhealthy diet,
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obesity, lack of exercise and psychological stress [8–14].
These unhealthy lifestyle factors, but also factors such as
microbiome dysbiosis and metabolic syndrome, may drive
several other chronic diseases through the shared mechanism
of systemic chronic inflammation [15]. Thus, the higher oc-
currence of conditions such as coronary heart disease and dia-
betes mellitus in people with RA than in the general
population [16] may be partially due to an unhealthy lifestyle.

Reversing and preventing adverse lifestyle factors could po-
tentially reduce the incidence and burden of RA, as well as al-
leviate its comorbidities [17, 18]. Specifically, beneficial
effects have been found in interventions directed at single life-
style factors, such as dietary interventions with plant-based or
Mediterranean diets [19–21], physical exercise programs [22]
or stress reduction techniques [23].

A multidisciplinary program including a whole-food plant-
based diet, increased physical activity, stress reduction and so-
cial support has produced favourable effects that have lasted
for up to 5 years in patients with coronary artery disease [24]
and low-grade prostate cancer [25]. To date, these nonphar-
macologic therapies have not been tested in one integrated in-
tervention in patients with RA. Therefore, we designed a
randomized controlled trial (RCT) comparing a multidiscipli-
nary lifestyle program versus usual care, aiming to decrease
disease activity in patients with moderately active RA. The
‘Plants for Joints’ (PFJ) intervention, consisting of a whole-
food plant-based diet, physical activity, stress-reduction tech-
niques and sleep hygiene, was applied in a group setting for
16 weeks.

Methods

The PFJ project consisted of three trials to investigate the ef-
fect of a multidisciplinary lifestyle program in people with
RA, a high risk of RA or metabolic syndrome-associated OA.
The intervention was executed in mixed groups. The present
article covers the RA group. A detailed protocol was pub-
lished previously [26].

Design

This 16-week observer-blind and open-label RCT with paral-
lel design was conducted between May 2019 and September
2021 at the Reade outpatient clinic for rheumatology and re-
habilitation in Amsterdam, The Netherlands. Patient partners
were involved in the design of the intervention and selection
of patient reported outcome measures and remain engaged
for the evaluation, dissemination and implementation of
results.

Study visits took place at baseline, and 8 and 16 weeks. The
Medical Ethical Committee of the Amsterdam University
Medical Centers approved the study protocol (EudraCT num-
ber NL66649.048.18). The protocol was prospectively regis-
tered (International Clinical Trial Registry Platform number
NL7800) and published [26]. Participants gave written in-
formed consent. The study followed the Consolidated
Standards of Reporting Trials (CONSORT) reporting guide-
line [27].

Recruitment, selection and randomization

Participants aged �18 years were referred by healthcare pro-
fessionals (37%) or enrolled via a dedicated webpage (63%).

People included had an RA diagnosis according to the ACR/
EULAR 2010 criteria [28] with low to moderate disease activ-
ity [2.6�DAS of 28 joints (DAS28) � 5.1] [29] and were on
stable treatment with DMARDs or off DMARD-treatment
for at least 3 months. DMARD medication had to remain sta-
ble during the study and changes were reported as protocol
deviations. People with a low bodyweight (BMI <18.5 kg/
m2), following a plant-based diet or unwilling to quit smoking
for at least the duration of the RCT,0 and pregnant women
were excluded. Participants were randomized in a 1:1 ratio
with a variable block randomization in block sizes of 2 and 4.

Intervention

At the start, participants randomized to the PFJ group re-
ceived individual intakes with a dietitian and a physical thera-
pist. During the program groups of 6–12 participants
gathered 10 times for 2–3 h meetings. In the intervention
group 17 participants had all meetings live, while the remain-
ing 23 participants received the intervention in hybrid form of
two to four live sessions and the rest online due to COVID-19
measures. Peer education and peer support was actively pro-
moted. The PFJ group received theoretical and practical edu-
cation about a whole-food plant-based diet, physical activity
and exercise, and stress management based on previous pro-
tocols and guidelines [23, 24, 30–32]. This included a plant-
based variation of a diet in line with the 2015 Guidelines on
Healthy Nutrition of the Health Council of the Netherlands,
personal goals for physical activity in accordance with the
2017 Dutch physical activity guidelines (150 min/week mod-
erately intense physical activity, and 2 days/week muscle and
bone-strengthening activities), psychoeducation on the effects
of stress on health and stress management, and coaching on
sleep.

Intervention participants were facilitated with general in-
formation and videos, exercises for at home, fully elaborated
weekly menu and daily supplementation with methylcobala-
min (1500 mg) and cholecalciferol (50 lg) [33]. The dietary
recommendations contained special emphasis on the critical
nutrients in a plant-based diet: protein, omega-3 fatty acids,
iron, zinc, iodine and calcium [33]. The control group re-
ceived usual care and was advised not to change their lifestyle
habits.

Primary and secondary outcomes

The primary endpoint was the mean change in the DAS28
over time. A research nurse blinded to group allocation
assessed the patients. Participants were asked not to discuss
their group allocation during the assessments. The DAS28
components ESR, patient’s global assessment, swollen joint
count and tender joint count were also included as secondary
outcomes.

The validated Dutch-Flemish Patient Reported Outcomes
Measurement Information System (PROMISVR ) was used to
quantify physical function, fatigue, pain interference and de-
pression as elements of health-related quality of life outcomes
[34]. Additional secondary outcomes included: waist circum-
ference, fat mass [measured by dual-energy X-ray absorpti-
ometry (DEXA)], blood pressure, low-density lipoproteins
(LDLs), high-density lipoproteins (HDLs), triglycerides, fast-
ing glucose, HbA1c, RF, ACPA, ESR and CRP. Additionally,
all adverse events and medication changes were recorded.
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Adherence

To measure adherence, an adapted version of the Lifestyle
Index Adherence Score as developed by Ornish et al. [25] was
used, in which adherence is defined by the attendance of meet-
ings, stress-reducing activities, physical activity and diet. In
the original version the diet score was defined by total fat and
cholesterol intake. Since the PFJ intervention was not based
on a low-fat diet, these vectors into were changed into fibre
and saturated fatty acids as indicators for a whole-food plant-
based diet. Full adherence (100% score) was defined as atten-
dance of all meetings, performing stress-reducing activities
6 days per week for 10 min per day, physical activity 5 days
per week for 30 min per day, and mean intake of at least 14 g
of fibre per 1000 kilocalories (kcal) and <10% saturated fatty
acids of total kcal per day. Adherence was self-assessed with a
validated app for participants to keep a 4- to 7-day food di-
ary, and digital questionnaires for physical activity and stress
reducing activities. A detailed description of the score was
published previously [26].

Sample size calculation

Based on a¼ 0.05 and power (1 – b)¼ 0.80, potentially de-
tectable effects ranged from 0.4 to 1.0 point difference in de-
crease for the DAS28 (estimated from component data of the
DAS28 in the case of the trial by Kjeldsen–Kragh) with S.D.
ranging from 0.6 to 1.0 (19, 21). We chose a difference of
0.80 as target: this has been suggested as the minimal clini-
cally important improvement in the range of our inclusion cri-
terion of DAS28 (2.6�DAS28�5.1) [35]. With a S.D. of 1.2
for the DAS28, a of 0.05 and b of 0.2, a sample size of 56
was needed, which was rounded to 80 to take possible drop-
outs into account.

Statistical analysis

Outcomes were measured at baseline, and 8 and 16 weeks.
After conclusion of the trial, data were cleaned and verified
by two researchers. Baseline values of dropouts and all values

of participants included in the full analysis were compared for
DAS28, age, BMI and disease duration, using the Mann–
Whitney test for independent samples.

Intention-to-treat analyses with a linear mixed model, ad-
justed for the baseline value of the particular outcome, were
performed to calculate the mean difference in change between
the groups in continuous outcomes over time. The 95% CIs
and P-values for (components of) the DAS28 were calculated.

Furthermore, a logistic generalized estimating equation
analysis was used to analyse the average changes in DAS28
over time in terms of whether EULAR Good Response criteria
were met (compared with not meeting these criteria or only
meeting EULAR Moderate Response criteria) as well as the
analysis of whether participants attained minimal disease ac-
tivity (DAS28< 2.60).

Based on the Lifestyle Index Adherence Score [25], adher-
ence in the PFJ group at 16 weeks was ranked and differences
in DAS28 between quartiles of adherence were analysed over
time with a linear mixed model, adjusted for baseline values
of the DAS28.

All analyses were performed with R version 4.0.5 (2021–
03-31) and P-values <0.05 were considered statistically
significant.

Results
Participant characteristics

Of the 115 people assessed for eligibility, 83 were randomized
(Fig. 1). One person in each group dropped out due to preg-
nancy, and four people from the control group dropped out
(one because of a flare, three were not willing to proceed be-
cause they were assigned to the control group). All dropouts
occurred shortly after randomization and were lost to follow-
up, leaving 77 people for analysis (Fig. 1). Comparison of the
dropouts (n¼ 6) vs people included in the final analysis
showed no significant differences regarding DAS28, age, BMI
and disease duration at baseline.

Figure 1. Consolidated Standards of Reporting Trials (CONSORT) diagram flow of participants in the ‘Plants for Joints’ trial
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Study participants had a mean age of 55 years, were mostly
female (92%), had a mean BMI of 26 kg/m2, and 74% were
seropositive for RF or ACPA. Of all participants, three (4%)
used diabetes medication, nine (12%) used antihypertensives
and seven (9%) used lipid-lowering medication. Overall, 56
participants (73%) used DMARDs (Table 1). Seventeen par-
ticipants did not use medication (n¼ 10 never used medica-
tion) for RA at baseline because of an aversion to DMARDs
(n¼ 8), side effects or ineffectiveness of DMARDs (n¼3), a
recent diagnosis with the wish to first start this lifestyle pro-
gram (n¼ 4) or previously stopped use of DMARDs because
of remission or pregnancy (n¼ 2). Table 1 also shows the his-
tory of medication use.

Primary outcome

The PFJ group had a greater decrease in DAS28 over time
from baseline to 16 weeks than the control group: mean dif-
ference was 0.90 (95% CI 0.41, 1.29; P< 0.0001). At
16 weeks, 17 participants from the PFJ group and three par-
ticipants from the control group met the criteria for EULAR
Good Response corresponding to an odds ratio over time of
4.3 (95% CI 1.9, 10.1; P< 0.001). Additionally, in the PFJ
group 18 participants had a DAS28< 2.60 after 16 weeks,

compared with three participants in the control group, corre-
sponding to an odds ratio of 4.6 (95% CI 2.0, 10.2;
P< 0.001). All changes in DAS28 components (ESR, patient’s
global assessment, swollen and tender joint count) differed be-
tween groups in favour of the PFJ group, although the differ-
ence in ESR was not statistically significant (Table 2 and
Supplementary Fig. S1, available at Rheumatology online).

The PFJ intervention significantly reduced DAS28 in both
seropositive and seronegative RA subgroups in comparison
with the control group (Table 2 and Fig. 2).

Protocol deviations

There were several drug treatment intensifications: in the PFJ
group two participants started DMARD or prednisolone
treatment and two people received glucocorticoid injections.
In the control group, seven participants started, switched or
increased the dose of DMARDs or prednisolone treatment,
while three participants received glucocorticoid injections.
Conversely, in the PFJ group 13 people reduced the dose of
DMARDs or prednisone, whereas in the control group four
participants decreased their dose of DMARDs. Medication
changes were divided evenly between the first and second half
of the trial period (Supplementary Table S2, available at
Rheumatology online).

Secondary outcomes

Loss of weight and fat mass were significantly larger in the
PFJ vs the control group with between-group differences of
3.9 and 2.8 kg, respectively. Most of the weight loss within
the PFJ group was attributable to a reduction in fat mass (3.1
of the 3.5 kg). Furthermore, compared with the control group,
the PFJ group had a significantly larger decrease of waist cir-
cumference on average over time (between-group difference
3.0 cm) (Table 2).

The metabolic parameters HbA1c and LDL decreased in
the PFJ group vs control group, whereas other metabolic
parameters showed minor differences in the changes over
time between the PFJ and control group.

All patient-reported outcome measures changed slightly
(not statistically significantly) over time in favour of the PFJ
group (Table 2).

Program adherence

Mean DAS28 decreased in all adherence quartiles based on
the Lifestyle Index Adherence Score of the PFJ group. When
compared with the lowest level of adherence (level 1), partici-
pants with higher levels of adherence (2–4) had larger reduc-
tions of DAS28. When compared with adherence level 1, the
average DAS28 decreased 0.3 more on adherence level 2
(P¼ 0.43), 0.8 more on adherence level 3 (P¼ 0.05) and 0.6
more on adherence level 4 (P¼ 0.11).

Energy, carbohydrate and protein intake in both the
PFJ and control group did not show relevant changes
(Table 3). At baseline the intake of saturated fat was high in
both groups (13% of total energy intake; recommendation
<10%) while fibre intake was low (13 g/1000 kcal; recom-
mendation �14 g/1000 kcal) according to the dietary guide-
lines. Halfway and at the end of the intervention, the PFJ
group reached the healthy intake range of saturated fat (8–
9% of total energy intake) and fibre (20–21 g/1000 kcal),
while the control group also improved although to a lesser ex-
tent (Table 3).

Table 1. Baseline characteristics ‘Plants for Joints’ RA trial

Plants for

Joints group

Control

group

Characteristic (n¼40) (n¼37)

Age, mean (S.D.), years 56.4 (13.4) 52.8 (10.3)
Female sex, number (%) 36 (90) 35 (95)
RF positive, number (%) 20 (50) 29 (78)
ACPA positive, number (%) 24 (60) 26 (70)
Seropositive, number (%) 26 (65) 31 (84)
Disease duration, mean (S.D.), years 10 (9) 8 (8)
BMI, mean (S.D.), kg/m2 27.1 (4.6) 25.1 (3.7)
DAS28, mean (S.D.) 3.90 (0.7) 3.78 (0.7)
Erosive disease, number (%) 23 (58) 15 (43)
Medication for RA, number (%)

MTX monotherapy 11 (28) 3 (8)
MTX combination therapy 12 (30) 7 (19)
Other csDMARD monotherapy 3 (8) 1 (3)
Other csDMARD combination therapy 2 (5) 2 (5)
bDMARD 6 (15) 7 (19)
tsDMARD 0 (0) 3 (8)
Glucocorticoids 2 (5) 1 (3)
No medication 4 (10) 13 (35)

Previous medication for RA
csDMARD treatment, median (range), count 1 (0–4) 0 (0–4)
bDMARD treatment, median (range), count 0 (0–4) 0 (0–5)
tsDMARD treatment, median (range), count 0 (0–0) 0 (0–1)
Glucocorticoids, number (%) 9 (23) 9 (24)
Only csDMARD treatment, number (%) 10 (25) 8 (22)
1 bDMARD treatment, number (%) 6 (15) 2 (5)
2 or more bDMARD treatments, number (%) 4 (10) 4 (11)
No prior treatment, number (%) 5 (13) 13 (35)

Medication for diabetes, number (%) 2 (5) 1 (3)
Medication for hypertension, number (%) 6 (15) 3 (8)
Medication for hyperlipidaemia, number (%) 4 (10) 3 (8)

Previous medication for DMARD treatment refers to the median (range)
number of DMARDs used before baseline medication and the number (%)
of participants who had a certain treatment before baseline. Seropositive:
positive for RF or ACPA; BMI: body weight in kilograms divided by the
square of the height in metres; DAS28: 28-joint DAS; csDMARD:
conventional synthetic DMARD; bDMARD: biological DMARD;
tsDMARD: targeted synthetic DMARD.
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The average self-reported physical activity level was suffi-
cient (recommended >150 min/week) at baseline in both
groups and increased further in the PFJ group from 154 to
205 min per week, while staying at baseline level (>200 min
per week) in the control group (Table 3). Regarding self-
reported average time spent on stress-reducing activities, the
PFJ group showed a relatively stable 24–31 min per week,
while the control group started at a higher level and increased
further to 42 min per week (Table 3).

Adverse events

No serious adverse events occurred during the trial. A total of
22 adverse events were recorded in the PFJ group and 28 in
the control group. Most of the events consisted of abdominal
symptoms such as stool changes, bloating, cramps and reflux,
and were possibly related to the intervention. However, these
occurred to a similar extent in the PFJ group (n¼9) and in
the control group (n¼ 11) (Supplementary Table S1, available
at Rheumatology online).

Discussion

The 16-week multidisciplinary PFJ lifestyle program, consist-
ing of a whole-food plant-based diet, physical activity and
stress management in addition to usual care, decreased disease
activity in RA patients with low–moderate disease activity
compared with usual care. The result exceeded the minimal
clinically important improvement of 0.8 (35) and is compara-
ble to what is generally achieved in drug trials [36]. The im-
provement was found in both seropositive and seronegative
subgroups. In addition, the PFJ intervention caused significant
metabolic changes, such as loss of weight and fat mass as well
as a decrease of HbA1c and LDL. Depression, fatigue, pain
interference and physical function did not change.

The results are in line with previous trials on dietary inter-
ventions in RA that showed improvements in disease activity
with a plant-based diet for 12 months [19, 20] and with a
Mediterranean diet for 3 months [21]. Also, it has been shown
that a reduction of fat mass in general as well as visceral fat in
particular lowers inflammatory markers [37, 38], which is as-
sociated with a smaller risk of metabolic syndrome and other

Table 2. Primary and secondary outcomes of the ‘Plants for Joints’ RA trial

Plants for Joints group

(n¼40)

Control group

(n¼37)

Difference in change

between groups

Mean (S.D.) Mean (S.D.)

Characteristic Baseline 8 weeks 16 weeks Baseline 8 weeks 16 weeks (95% CI)

DAS28 and components

DAS28 3.90 (0.7) 2.83 (1.0) 2.88 (1.1) 3.78 (0.7) 3.59 (1.2) 3.79 (1.0) –0.90 (–0.41, –1.29)

Seropositive group (n¼ 57) 4.00 (0.7) 3.00 (0.9) 3.13 (1.2) 3.75 (0.7) 3.52 (1.2) 3.78 (1.1) –0.72 (–1.21, –0.23)

Seronegative group (n¼ 20) 3.72 (0.7) 2.53 (0.9) 2.41 (0.9) 3.92 (0.6) 4.03 (1.2) 3.85 (0.8) –1.24 (–1.89, –0.59)

ESR, mm/h 17 (18) 19 (20) 17 (14) 20 (15) 22 (16) 24 (16) –3.0 (–7.2, 1.2)

Patient’s global assessment, mm (0–100) 53 (20) 32 (22) 25 (21) 52 (17) 47 (23) 47 (19) –19 (–26, –12)

Swollen joint count of 28 joints 1.8 (1.9) 0.7 (1.1) 1.4 (2.9) 1.9 (2.7) 2.4 (3.9) 2.3 (3.3) –1.3 (–2.2, –0.3)

Tender joint count of 28 joints 4.6 (3.6) 1.6 (1.8) 1.8 (2.8) 3.8 (3.5) 3.6 (4.8) 2.9 (2.9) –1.7 (–2.7, –0.7)

Response and minimal disease activity (number, %)

EULAR good response 12 (30%) 17 (43%) 6 (16%) 3 (8%) OR 4.3 (1.9, 10.1)

Minimal disease activity (DAS< 2.6) 14 (35%) 18 (45%) 7 (19%) 3 (8%) OR 4.6 (2.0, 10.2)

Inflammation

CRP, mg/l 4.3 (4.1) 5.6 (7.4) 3.8 (4.4) 3.4 (3.9) 5.5 (10.0) 4.8 (8.3) –1.3 (–4.0, 1.4)

Anthropometric

BMI, kg/m2 27.1 (4.6) 26.0 (4.7) 25.9 (5.0) 25.2 (3.7) 25.5 (4.3) 25.3 (3.8) –1.4 (–1.8, –0.9)

Weight, kg 76.8 (13.2) 73.7 (13.2) 73.3 (14.0) 71.6 (11.9) 72.6 (13.0) 72.0 (12.3) –3.9 (–5.2, –2.6)

Fat mass, kg (DEXA) 30.6 (10.0) 27.5 (9.9) 27.7 (8.0) 28.2 (8.0) –2.8 (–3.8, –1.7)

Waist circumference, cm 93.1 (10.7) 90.4 (10.9) 88.6 (11.8) 88.8 (12.0) 88.8 (10.7) 88.7 (11.4) –3.0 (–5.1, –0.9)

Waist circumference (females), cm (n¼ 72) 92.4 (10.6) 89.7 (10.8) 87.8 (11.7) 88.1 (11.9) 88.1 (10.6) 87.9 (11.3) –3.0 (–5.3, –0.8)

Waist circumference (males), cm (n¼ 7) 99.6 (10.7) 96.9 (10.2) 95.8 (11.8) 101.0 (5.7) 100.5 (3.5) 101.5 (2.8) –3.4 (–6.7, 0.0)

Metabolic

Fasting blood glucose, mmol/l 5.1 (0.4) 5.0 (0.5) 4.9 (0.5) 5.5 (1.6) 5.2 (0.6) 5.1 (0.5) –0.1 (–0.3, 0.1)

HbA1c, mmol/mol 35.5 (5.6) 35.2 (6.0) 34.7 (5.2) 37.8 (7.4) 38.5 (7.2) 38.5 (7.0) –1.3 (–2.0, –0.5)

Systolic blood pressure, mmHg 137 (19) 135 (18) 132 (16) 131 (20) 128 (20) 130 (18) 0 (–4, 4)

Diastolic blood pressure, mmHg 87 (11) 83 (16) 84 (11) 86 (13) 85 (14) 85 (11) –3 (–6, 1)

LDL, mmol/l 2.92 (1.0) 2.58 (0.8) 2.65 (0.8) 3.48 (1.1) 3.22 (0.9) 3.24 (0.8) –0.32 (–0.54, –0.10)

HDL, mmol/l 1.63 (0.4) 1.47 (0.3) 1.56 (0.4) 1.69 (0.4) 1.65 (0.4) 1.65 (0.4) –0.07 (–0.15, 0.01)

Triglycerides, mmol/l 1.14 (0.6) 1.21 (0.6) 1.05 (0.43) 1.02 (0.6) 0.91 (0.3) 1.03 (0.5) 0.07 (–0.05, 0.19)

Patient-reported outcomes, PROMISVC

Depression 51 (7) 49 (8) 50 (7) 54 (4) 54 (6) 52 (6) –1 (–4, 1)

Fatigue 53 (12) 53 (7) 52 (7) 58 (6) 57 (7) 55 (8) –2 (–5, 1)

Pain interference 58 (7) 55 (7) 55 (7) 60 (6) 58 (7) 56 (6) –1 (–4, 1)

Physical function 44 (5) 46 (6) 46 (8) 43 (5) 44 (6) 44 (5) 1 (–1, 3)

All values for the total group (n¼ 77), except the DAS28 for the seropositive and seronegative group. Seropositive subjects are positive for RF or ACPA,
seronegative subjects are negative for RF and ACPA. Patient’s self-reported global assessment of disease activity is based on a visual analogue scale (0–
100 mm) with higher values indicating more disease activity. EULAR Good Response ¼ improvement DAS28> 1.2 and DAS28� 3.2 (non-responders include
responders EULAR Moderate Response). Odds ratio calculation based on logistic generalized estimating equation regression analysis of change between
baseline and 16 weeks. DAS28: 28-joint DAS; DEXA: dual-energy X-ray absorptiometry; OR: odds ratio.
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lifestyle-related diseases [15]. A reduced fat mass is therefore
beneficial for people with RA, who have a 50% increased risk
of cardiovascular disease compared with the general popula-
tion [39].

In a previous study on the effect of a 13-week intervention
based on a hypocaloric, high-protein diet in combination with
resistance training, older and obese participants lost a mean

3.4 kg of weight, of which 3.2 kg fat mass [40]. The present
study achieved similar reductions of weight and fat mass, al-
though weight loss was not the primary purpose of this inter-
vention and physical training was less intensive. This
confirms previous findings on the potential of plant-based
diets for weight loss [41, 42].

baseline 8 weeks 16 weeks
0

2.0

2.5

3.0

3.5

4.0

4.5

DAS28

Plants for Joints (n = 40)

Control (n = 37)

baseline 8 weeks 16 weeks
0

2.0

2.5

3.0

3.5

4.0

4.5

DAS28

Seropositive (n = 57)

baseline 8 weeks 16 weeks
0

2.0

2.5

3.0

3.5

4.0

4.5

5.0

DAS28

Seronegative (n = 20)

p < 0.0001

p < 0.01 p < 0.01

Figure 2. DAS with 28 joints (DAS28) at baseline, 8weeks and at the end of the ‘Plants for Joints’ trial

Table 3. Lifestyle descriptives ‘Plants for Joints’ RA trial

Plants for Joints group (n¼40) Control group (n¼37)

Mean (S.D.) Mean (S.D.)

Characteristic Baseline 8 weeks 16 weeks Baseline 8 weeks 16 weeks

Diet
Energy, kcal 1769 (348) 1699 (357) 1752 (340) 1748 (284) 1695 (257) 1699 (196)
Fat, g 72 (21) 71 (22) 72 (16) 75 (21) 71 (19) 72 (17)
Saturated fat, g 25 (10) 15 (6) 17 (6) 25 (8) 24 (7) 21 (9)

Saturated fat, energy% 13 (4) 8 (2) 9 (3) 13 (4) 12 (3) 11 (4)
Carbohydrate, g 190 (47) 195 (42) 194 (46) 178 (42) 180 (33) 182 (37)

Carbohydrate, energy% 43 (6) 47 (10) 44 (5) 41 (7) 43 (7) 43 (5)
Protein, g 66 (16) 57 (15) 58 (13) 70 (14) 63 (14) 64 (17)

Protein, g/kg body weight 0.9 (0.3) 0.8 (0.3) 0.8 (0.2) 1.0 (0.2) 0.9 (0.2) 0.9 (0.2)
Fibre, g 24 (6) 36 (10) 34 (10) 23 (5) 24 (6) 26 (9)

Fibre, g/1000 kcal 14 (3) 21 (5) 20 (5) 13 (3) 14 (4) 15 (4)
Physical activity, min/wk 154 (98) 211 (117) 205 (129) 213 (130) 194 (140) 211 (130)
Stress-reducing activities, min/week 24 (26) 31 (26) 25 (26) 35 (28) 38 (26) 42 (30)

All values for the total group (n¼ 77). Data are self-reported. kcal: kilocalories; energy%: percentage of total energy in kilocalories.
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This study showed ESR and CRP decreased in the PFJ
group in comparison with the control group, although these
changes were not statistically significant. This is in contrast to
previous studies of a plant-based diet in people with RA
and may be due to lower baseline values in the PFJ trial
(ESR 17 mm/h, CRP 4.3 mg/l) when compared with values in
earlier studies (baseline ESR >32 mm/h and CRP >24 mg/l)
[19]. On the other hand, improvements in metabolic markers
such as HbA1c and LDL were in line with previous studies
[24, 41–43].

This study has several strengths, including the low drop-out
rate. Most importantly, the study was able to demonstrate
substantial effects despite already low disease activity, in a
representative group of Dutch RA patients in terms of age
and seropositivity [44]. Also, despite protocol deviations, the
net effect of all medication changes was a less intensive treat-
ment in the PFJ vs the control group, thus not influencing the
results. Furthermore, the study provides evidence of the health
benefits of plant-based diets, which strengthens the proposi-
tion of a plant-based diet as part of a more sustainable life-
style [45, 46].

On the other hand, because the study deliberately combined
multiple lifestyle factors, the individual contribution of these
factors on the results can unfortunately not be defined.
Another limitation is that the intervention group received ex-
tra attention, therefore we cannot exclude the possibility
that this partially explains improvement in subjective meas-
ures such as the patient’s global assessment and tender joint
count. However, improvement also occurred in objective
measures such as swollen joint count, body composition and
metabolic markers. Moreover, the adherence to the diet,
physical activity and stress management components was
not measured by objective means and thus provides room
for potential misreporting. The PFJ participants are compa-
rable to the general Dutch population in terms of their level
of overweight, the extent to which they adhere to the guide-
line of physical activity and their intake of saturated fat,
whereas the intake of fibre was higher already at baseline
than in the general Dutch population (13 vs 9 g per
1000 kcal) [47–49]. The swift increase of fibre intake may
have caused some abdominal complaints, which were tem-
porary. Finally, the participants may have been more in-
clined to try lifestyle changes rather than medication
compared with the average RA patient; however, that does
not diminish the potential of this treatment.

The present intervention was intensive and short, and long-
term effects are still unknown. Therefore, the control group
will be offered the intervention after the trial, and we will fol-
low all participants in a 2-year observational extension study
including cost effectiveness, body composition, bone mineral
density, critical nutrients and a DMARD-tapering protocol
for patients in remission [26]. In addition, further research is
needed to investigate whether plant-based diets can mimic the
anabolic effect of animal-based proteins to ensure preserva-
tion of muscle mass during weight loss [50].

In conclusion, the multidisciplinary PFJ program substan-
tially decreased disease activity and improved metabolic sta-
tus in patients with RA with low–moderate disease activity
compared with usual care. The program is readily compatible
with drug therapy and could potentially lower the need for
medication for both RA as well as for metabolic syndrome–
related conditions.
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Supplementary material is available at Rheumatology online.
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